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■ device for i^rjadia^^ ; 
A focusinq-aev lce rQI 5 1 

' ^, .BACKGROUND OF THE INVENTION , 

1. Field of the Invention 

; rotates to a focusing-device for; the: ; 
The: invention relates to particular a laser 

radiation fr^m a l ig ht ^ rror accordi ng to 

>~ ™' f ^ defined more closely, 

the preamble of claim 1 ot a ty P 

An illuminating system having a collector mirror is de- 
scribed in US 5,798,823.. 

2 . Description of the related Art 

In sector U^r^ :: 
.: . :a*t source. *r ^« ^ t . rlns , , i0 

" toe Ii3ht iS ^ — focus. . ana : th en ^aed 
=. r-nl lector mirror at a Th - 
a coiiecto illuminating system. The 

ne9 : for clLpTc. illumination defects, for oxalic 

lead to light losses. 

• v n for the purpose of avoiding these disadyan- 
It is known for the purp . nrder to dissi- 

™i the collector mirror in order to 
tages to cool the coll . the large out- : 

„ pate the heat produced. of unavoi dable 

: ; lo ads, w hi =n can var, ^^^ ^ ^ 
pulsed operation, the collector mir 



29. Sep, 2003 1 0 : 38 Kanz I e i Lorenz. & Ko 1 1 esen 



Nr -5942 S- 4 



ZS 4774P/CIP . - 9 



E200040 



entirely at a constant temperature level, and so would 
necessitate a "dynamic" cooling system. 

SUMMARY OF THE INVENTION 

It is the object of the present invention to . create a 
device in the case of which : the disadvantages: of the 
prior art are avoided, in particular in the case of 
which the optical properties of a collector mirror are 
maintained in an unchanged form even under thermal 
loading such that no negative effects on the downstream 
illuminating system occur. 

According to the invention, this object is achieved by 
means of the features claimed in the .characterizing 
part of claim 1. . ■ ,' .. 

By. virtue of the fact that the collector .mirror is spe- 
cifically displaced in the z-direction, that is to say 
in the direction of the optical axis, and that the col- 
lector mirror itself is designed. in. such a way that the 
position of the second focus remains unchanged in the 
.event of temperature change, the optical properties of 
the collector mirror are maintained in. ; an unchanged 
form even under thermal loading. 

It is proposed according to the invention in a first 
design solution, to. mount, or configure the collector, 
mirror such that its shape is formed in accordance with 
an isofocal family of curves, for example a family of 
ellipses, a family of hyperbolas or a family of parabo- 
las. What is meant by an -isofocal" family of curves is 
that the spacing from the source, . that is to say from 
, the first focus to the second focus , does not .change . 
Only a family of ellipses will be spoken of below, for 
the sake of simplification. An isofocal family of el 
lipses projects a source into a fixed image of the 
source. If the collector mirror is now shaped under 
heating in accordance with the isofocal family of el- 
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iipsesv its optical properties remain constant. This 
means that it is then no longer necessary to cool the 
collector mirror, or. to keep it at a constant tempera- 
ture, by means of a high outlay, but that heating is 
permitted while: ensuring, however, that the change in 
shap e of the collector mirror, resulting therefrom takes 
place such that selected optical properties : remain un- 

changed. . .« : ■ V\ ' 

For such an isof ocal collector mirror, the conic con- 
stant K and the semiparameter p = R can be represented 
to a good approximation by. linear functions of .the in ; 
tercept distance between the source and the vertex of 
the collector mirror. 

If on the other hand, the aim is to avoid a change in 
magnification; normally negligible per se, owing. to a 
change in or displacement of the collector mirror the 
spacing from the source to the imaging plane of the 
light source must be - varied as second solution,; This 
can be performed, for example, actively or else 
passive thermal expansion. The eccentricity y or conic 
constant K must remain constant for such a collector 
mirror which contains magnification, and the: vertex 
curvature? = R must change linearly. This solution xs 
advantageous in some circumstances for a system with 
critical illumination, because then the image of the 
light source remains the same size on the reticule. 

By contrast with the solution using, the isof ocal family 
of curves, where the spacing between the first and the 
second focus remains the same, in this alternative so- 
lution the beam angle from the collector mirror to the 
second focus remains the same, the second focus thereby 
-being displaced correspondingly. If the second focus xs 
to remain at the same point, it follows, that not only 
the collector mirror must be moved correspondingly in 
the z- direction, but also the source or the first fo- 
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Since collector mirrors are . generally, subjected to an 
anisotropic • thermal loading, it may be provided in a 
refinement according to the invention that the collec- 
tor mirror is provided with inhombgenously distributed 
cooling devices in such a way that an at least approxi- 
. mately uniform temperature distribution is achieved, in 
the collector mirror. Although this does entail a 
higher outlay, by comparison with known cooling de- 
vices,, however, ' this outlay can be kept markedly lower, 
because there is no need. to carry out an entire cooling: 
of : the collector mirror, but only to ensure, a largely 
uniform temperature distribution. 

Instead of a collector mirror which operates by reflec- 
tion, ; it is possible in a very advantageous refinement ; 

. of the invention also to support in the inventive way a 
collector mirror which, as a so-called transmit ted- 
light collector, has a plurality of nested annular 
shells or mirror shells which are jointly fastened on a 
mount. Such transmitted-light ■ collectors, also termed 
shell, collectors, are also denoted as "nested collec- 
tors" ; (see, for example, . EP. 1 225 481 A2 and 
DE 101 38 284 Al) . In use, a shell collector exhibits , 
strong heating, - and this results in deformation of the 
collector mirror owing; to temperature gradients and/or 

.different; coefficients of thermal expansion of the com- 
ponents used. This applies, in particular,, in the bear- 
ing regions of the annular shells, to the mount which is 
generally designed as a mounting ring or spoked ring 
having a plurality of spokes which run in a radial di- 
rection and on which the individual annular shells are 
fastened at an appropriate radial spacing from one- an- 
other. . 

The imaging of the source at the secondary focus is ef- 
fected by the geometry of the mirror shells. Any change 
in this geometry leads to a change in the image- During 
operation and as a result of the operating conditions; 
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(EUV radiation and vacuum) the . collector : is strongly 
heated and can reach a temperature ' of several hundred 
degrees Celsius. The selection of the. material . lends 
; • . the annular cells a . specific coefficient of thermal ex- 
' pansion (CTE) ,. and likewise the mounting ring. Deforma- 
tions come about at the collector since there is a tem- 
perature gradient across the annular shells and the 
mounting ring and thus as a result of: AL = L* CTE* AT (L 
= length, AL = change in length, T = temperature and AT ' .. 
- •.- ■".">. temperature deviation) differently observed points on 
the mounting ring and the annular shells expand ; differ - 
. entiy . These deformations are extremely large, par Lieu- 
: larly at the joints between the annular shells arid 
/mounting ring since the largest temperature gradients 
in the system occur here, depending on the joining 
< ... ••/.'•;. method- This means rthat because, for example, of a 
; higher temperature level the collector would like to 
expand more at the clamping point than the mounting 
. - ring. Since the mounting ring has the higher degree of 
stiffness, the expansion of the annular shells at /this, 
point is suppressed. However, the shells can expand 
without hindrance at the non-clamped points. As a re- 
sult of this, given clamping points with a distribution 
of 4 x 90°, for example, the collector is formed like a 
clover leaf, since the mounting ring suppresses expan- 
} s ion at the four, clamping points, whereas expansion is 

' . possible at . four points offset by 45V The abovede- 
scribed asymmetrical deformation of the collector can- 
not be corrected or can be corrected only with a large * 
.-' outlay. • ■ 

According to the invention, the connecting points or 
clamping points of the annular shells on the mounting 
ring or the .ribs can be selected such that the annular 
shells can expand symmetrically with reference to the 
optical axis . The mirror collector leads in this way to 
ar . symmetrical change* in shape by comparison with the 
cold state. This symmetrical change in shape, and the 
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changes, possibly associated therewith, in the optical 
. imaging of the system can then, if required, be compen- 
. sated -without -major problems. If the annular shells of 
the mirror collector are supported on one side or in a 
floating fashion in the mounting ring, for example at 
one end, and 'if thereby the other end is : not clamped 
in, the free end can expand correspondingly in the di- 
rection of the optical axis. All that is then required 
at the clamping points is to permit movements and/or 
displacements of the. annular, shells in the radial di- 
rection or perpendicular to the optical axis . The annu- 
. lar shells can be connected to the mounting ring on the 
side diverted from the light source, or be connected to ; 
\ i , . the. mounting ring at any desired site between the two 

: . ends-. ■ V 

Both passive and active systems, , and also combinations 
of the two, can be used to enable displacement of the 
annular shells in a radial direction. In the case of 
passive systems, it must be ensured that the stiffness 
at the clamping point is not too greatly reduced. Ac- 
tive systems offer the. possiblility of a higher degree 
. of stiffness ; at the clamping point , but . it is then nee- 
: essary. to provide separate adjusting elements which are /, 
to be actuated from outside. 

Parallelogram guides for the annular shells or for 
bearing parts in which the annular shells are held are, 
for example, possible as passive or else active sys- 
tems. Likewise possible are pulling wires or push rods 
ini the strengthening ribs, which pull or push the bear- 
ing parts appropriately into a desired position V Linear 
guides with slide, or ball bearings in the form of tele- 
scopic changes in length are also conceivable. 

A further possible connection of the annular shells to 
the mounting ring or the strengthening ribs consists in . 
making use for this purpose of leaf springs which are 
either formed integrally in the circumference of the 
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k n« nr are arranged as separate parts on the 
annular shells or are arrany lea f springs 

circumference of .the annular ^'^^J^, 
: , can in t h is case run both in the dxrec^^ ^ P ^ . , 
■ cai: axis and in : the circumferential - direction 
annular shells • 

. as S emi-active systems are actuators 

Also conceivable : as semi a . the 

u- v, reac t to temperature changes. In this, cas . 
which react to re p .... , g connected, to 

• . annular shells or their bearing pa^ts a 

. v the mounting : via : a ^"^^ with : reference ; 

; ma, actuator" is^esi gned njg J^^ ermal expa n s ion. 

in such a way tn temperature changes 

parts are displaced in the «<" M,t - oUect or mirror 

such that the optical properties °* * 
do not change or change only to a correc 

BRIgtlDESCRIPTICTj OF THE, DRAWINGS . ■ 
M D , sig n configurations for specifically carrying oct the 
change , in shape of . the Oollec or ""^.^ in : thc 
uay are ] e^entl descried 

subclaims and. rn the ^ of the d »„i„g, in 
below diagrammatically with the aia 

. .'which': 

. Ranged in an : EUV illuminating system for 

, • _ a first embodiment/ 
: microlithography, m a tirsr e 

.collector/mirror and the second focus, for an 
' ' isofocal family of ellipses; 

. ,„h fhe second focus, , for 

■ collector ; mirror and the 
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maintenance of the magnification; 

u « '* first type of bearing for the isofo- 
figure 4 shows a first typ _ .. 

cal. collector mirror accoraxny 

' tion; . 

^ -^ureS showed bearing of - isofocal collector ^ 
. ror with a bending sprang; 

figur e6 shows a bearing of an isofocal collector mlr- 
ror with active components; 

. •• . * n trifocal collector mir- 

in the event of temperature increase; 

*n isofocal collector 

— 8 ~ -.rr^ „ ^on * 

the event of temperature increase; 

£iqore , shows a bearing of an isofocal collector mir- 
':;.>:;:, - ;' ror in a mount vis a parallelogram gurde; ; 

.f laU re 10 shows a collector mirror in a second en=bodi- 
" Lnt in the form of a shell connector vrth a 

mul tiplicity Of annular shells, . in ; a ; srde 
view of the principle; 

^ ^ ig ,re 11 shows 'the shell collector according to -fig- 
ure 10. in a perspective view; 

figu „ l, 'shows 'the '. top view .of the mounting ring of 
. .figure. shell colIec tor. according to frgure, 10, . 

ftaure 13 shows a schematic illustration of a bearing 
f ^ of an annular sheU on the mounting rxn, -y,* 

- . section along the line. XIII -XIII according to 
figure 12; • 
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figure 14 'shows an embodiment of a bearing of an annu- 
lar shell oil the mounting ring in a .similar 
configuration to figure 1.3; 

figure 15 shows a third embodiment of a bearing of : an 
annular shell in the mounting ring with a 
linear guide; 



figures 16 

to 18 ;;\ 



show a bearing of an annular shell in 
the mounting ring via a leaf spring which is 
integrally formed or . incorporated into the 
annular shell; 

figures 19 ... . . . 

and 20 show a bearing via a leaf spring, smu- 

lar to the bearing according to figures 16 to 
18, the leaf spring being designed as a sepa- 
/"' rate part; 

figures 21 .'•/ , , . . [ 

to 23 show a bearing of an annular shell in 

the mounting ring via a leaf spring, in a 
: configuration similar to that illustrated in 
figures 16 to 18, with a radially applied 
. leaf spring;';'.:.' 

figure 24 shows the leaf spring illustrated in figures 
21 to 23, as a separate part attached to the 
annular shell; 

figure 25 shows a semi-active adjusting system: for; rah; 

: . annular shell by means of an actuator which 
changes with heat; and 

figure 26 shows an illustration of the principle of a 
bearing of 'an annular shell on the mounting 
ring, the displacement being performed by an 
active system. . , 



29 -Sep -2003 10:41 ' Kanzlei Lorenz & K o 1 1 eg en ' N r . 5942 .,$■■ 12 

ZS 47 /4P/CTP "'- 10 - . .. £200040 . 

DETAILED. DESCRIPTION 

: . Illustrated in f igure 1 as an. example for a possibility 

of use is .a collector mirror 1 which behaves isofocally 
and is integrated in an illuminating system for the ; 
•purpose: of fabricating semiconductor elements for EUV 
• .■'lithography. 

The light from a source 2, for example a laser plasma 
* source or a pinch plasma or dense plasma focus, is pro- 

jected onto a facet mirror 3 via the collector mirror : . 
[_'. ';..','; ; 1; The -source 2 is situated at the first focus of the 
collector mirror 1. In the exemplary embodiment illus- 
trated, the second focus 200 (not illustrated in f ig- 
ure 1) is situated downstream of the facet mirror 3. 
The light is fed from the facet mirror 3 to a reticule 
(mask) 5 via a deflecting mirror 4 . The structure of 
the reticule 5 is led to a wafer 7 for projecting via a 
V'; projection lens 6 (not shown in any more detail) . 

The laser plasma source 2 subjects the collector mirror 
1 to a high thermal load which changes its shape. This 
change in shape would normally lead to uncontrolled, il- 
lumination defects. 

Figure 2 now shows a representation of the principle, of , 
a controlled change in shape and displacement of the 
collector mirror 1 . such that the optical properties of 
the collector mirror are maintained. This illustrates a"., 
solution in which the collector mirror 1 is specifi- 
cally displaced in the z-directioh, and its shape is 
changed in accordance with an isofocal family of 
curves, : in such a way that the second focus remains un- 
changed with reference to its position. 

to a good approximation, the parameters s and p /de- 
scribing the family of ellipses can be represented as a 
linear function of. the temperature change dT. It there - 
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fore holds that: 

p*so[(l + e 0 ) + a(l + e 0 - S -^)dT ] 

It holds in this case that: 

p = seiaiparameter 

2e - focal point spacing 

s 0 = distance from the source to the vertex of the col- 
lector mirror 

a 0 = e + So and S (dT=0) = S 0 

It holds for the intercept distance = distance from the 
source to the collector mirror that: 
s - a - e 

a - coefficient of linear expansion of the material 
used, and 

c ~ numerical eccentricity of the ellipse 

y 2 = aperture angle of the radiation between the second 
focus and the collector mirror. 

AS may be seen from figure 2, the focal point spacing 
2e is maintained; and it is only the angle y 2 which 
changes into y 2 ' and S 0 changes into S (dT) . 

Figure 3 shows the representation of the principle of a 
solution, the collector mirror being designed in such a 
way that the magnification, that is to say the image 
scale or the aperture on the image side, does not 
change under thermal loading. The distance from the 
source 2 to the image of the light source must be var- 
ied for this purpose. The eccentricity s or the conic 
constant K must remain constant for this magnifica- 
tion-maintaining collector, and the vertex curvature 
p = R must change linearly. It follows from this for 
the semiparameter p that: 



P 
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S . (e ♦ i) = so -d r a - d ™ e + 1) = Po ' (1 + a ' dT) 

where aperture of the source P 0 

sin^ 1 

aperture of the beam P 1=sinY2= ~/T 

magnification of the collector 

fi e = const. 

As may be seen from figure 3, in this case the focal 
point spacing 2e also changes into 2e' , which means 
that the source 2 is displaced toward 2' . As may be 
seen, the aperture angle y 2 is maintained in this case. 
Instead of a displacement of the source 2, it would 
also be possible in principle for the second focus to 
be displaced with the same result, in order to keep the 
angle y 2 the same. In practice, however, the second fo- 
cus will be kept fixed and the source 2 and collector 
mirror 1 will be displaced appropriately in the 
z-direction. 

Of course, it is also possible to use families of hy- 
perbolas or parabolas instead of families of ellipses. 

The collector mirror 1 is designed in accordance with 
the set requirements such that it behaves when heated 
in a fashion which is isofocal or, alternatively, main- 
tains the magnification. This means that a specific 
change in shape is permitted in such a way that its 
shape changes accordingly. The most varied design re- 
finements are possible in order to achieve this shap- 
ing. The exemplary embodiments described below only 
schematically with the aid of figures 4 to 9 are there- 
fore to be regarded only by way of example. They relate 
to an isofocal collector mirror 1. It is true that, 
given an appropriate design configuration of the col- 
lector mirror 1, its suspension and, if appropriate, 
its cooling, there is likewise a change in the shape of 
the collector mirror 1, but this is done specifically 
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'in such a way that specific desired optical properties 
remain unchanged, however. ■ 

I In accordance with the exemplary embodiment according 

to figure 4, the collector mirror 1 is connected at the. 
circumference to a mount 10 via bearings 9 which can be . . 
; displaced at right angles to the optical axis 8, that 
is to say to the z-axis (optical axis) . Upon heating, 
the collector mirror 1 expands and the bearings 9 can 
; ' be displaced - in accordance with the temperature - in 
. the direction: of the arrow, 11 (see dashed illustration 
of the collector mirror 1) . At the same time,, the col- 
: /■ lector mirror 1 is moved rearward or away from ' the 
. source 2 in a central guide 12 against the resistance 
of a spring device 13. As may be seen, this results in 
a change in spacing Aai between the source 2 and the 
vertex v In order to maintain isof ocality of the collec- 
. tor mirror, or to keep the latter isothermal with ref- 
erehce to its optical properties, it need only be en- 
sured that the change in spacing Aai is set in such a 
Way as to result in the , desired isofocal family of el- ; 
■",»"•; lipses with the same optical effects resulting^ there- 
from. The required change in spacing can, however, .be 
determined either computationally or empirically from a 
knowledge of the materials used, the coefficients of 
expansion, the focal point . spacings and further known 
parameters. 

Under thermal loading, the collector mirror 1 should 
execute a displacement along the z-axis, that is to say 
the intercept distance must change i It is also advanta- 
geous for this purpose to mount the mirror in the plane 
15 of the source 2. In the event of thermal expansion, 
it then automatically executes a movement against the 
z-axis 8 • The ellipses then differ from one another 
only in the image scale of the source image or in the 
vs relative apesrture" of the aperture "on the .image 
side". Such a change in the image scale is slight , how- 
ever, . and generally has only a negligible influence on 
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the performance of the illuminating system. . 

T£ the passive design does not suffice, the 
: 2 displacement can. be set .ore accurately by means of 
: Stable materials, in the mount or between the mount 

and the collector mirror 1 or the bearing 9. This can 
be performed, for example, by means of a suspension. via 
pe.penoiiF ^ n or e lse by means of 

; bending elements 16 (see figure 5) , or els y , • 

one or more' active components 17 (see figure .6). The 
. one or m arrang cd between the col- 

active components 17 can be _ 
lector mirror 1 and the mount. 10, Use may ^ 
• +. _ _f for example, materials with spe 
. active .components of, for examp... . achieve the 

• cific expansion coefficients, in order to a ™ fc _ 
■/■:■•-. Quired longitudinal displacement. Also possible^ 
^ ; wi l, are purely active actuating el« ^ as or 
, sample, pneumatic, ^ulic, mag ^-^ s ; 
electric elements and the nice. ?i>9 , . .. allu : 

'have the advantage that they can he driven spoc ; I,ca 

an" if reguircd. also with appropriate adaptations and 
changes- 

A type of bearing for an isofocal collector mirror 1 i. 
fe' 'illustrated in figure 7, its "natural" displacement^. 
- additionally further being amplified. For thi-Purpo - 
: : a plurality bf struts 18 are arranged from the colled 
tor mirror 1 in a fashion distributed 
ference. They are located in this .ase in a "rcurn^ 
f ~ ential region between the r-axis 8 and the outer, err 
. : 1 rend. . The struts .18 are connected at ^end.o 
: the collector mirror 1 via a fulcrum 19 in each case, 
. whUe the other end is respectively supported in.n^ - 
ticulated fashion at a hearing point 20 m each case 
tlcU ... , '„, the struts 18 extend parallel 

The longitudinal axes of the stru L 
. to the r-axis 8. If the collector mirror 1 now experi^ 

.„ , ,. o«nands and reaches the 

ences a temperature rise, it expands 

dashed position. At the- same time the struts 18 are 

aso displaced thereby, and their fulcrums are ds 

pl aced into the dashed ' ^ » " 0B tL 

suit of which the distance of the source 
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vertex of the collector mirror 1 additionally changes 
further by the value oa,. The total displacement of the 
A collector mirror 1 is therefore Aa,= Aa> ♦ ^ 
I bese t as desired via the lengths L of the struts 18 so 
as to achieve the isofocality. 

V : V- ,f fhp ^ruts 18 produces a corre- 
Thp ou tward pivoting of. the. struts ±a v 

The outwara y ~»ference to the projection 

sponding shortening with reference 

onto the z-axis, and thus additional path Aa„. ; 

8 the inverse behavior, being achieved. In this case, 
i : tr£: I* liaise, distributed: over the circu.mfcr M ce 
Lc provided, being situated between the z-axis. and 
V the cuter circumference of the ■collector 
V Xikewise being connected at one end to the 
. t: mi rror 1 via an articulation 18 in each ca*e. «* being 
. ■■ ' ' mounted with the other end in a bearing point 20- . 

T ,e longitudinal axes of the stmts 18 . 
V : arranged in this .case obliquely , relative to the z » 

Z such a way that given a rearward displacement -f ^ 
collector mirror 1 the struts 18 counteract this die 
i > placement, specifically by a measure Aa„ in turn. In 
| this case, it holds that Aa 3 4,1 - U. ; for the dia- . 

: ;V:: V^>;.:: placement of the collector mirror 1. Here, as well Aa 

can be set via the lengths . of the struts "-^V; 
i, possible thereby to achieve a corresponding total 

to produce isofocality. _ 

V K h whet her to-select -the refinement according to 

with the increase in the total displacement distance 
of in accordance with figure 8 with the reduction in 
tL totaa displacement distance, 1. "^^^ 
..;.;^:,: v . ; case by the specific conditions; of use and parameters. 

A type of bearing for the collector mirror 1 is illus- 
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trated in principle in figure 9, the bearing. 
■ .formed with the aid of the mount 10 via a parallelogram, 

21. ' •■ '•■ '. - . // 

If required, it is also possible further to provide 

- various transformation, ratios in order to achieve the 
desired isofocality of 8 the collector mirror J. 

: If appropriate, it is also additionally possible to- 
make further provision of a cooling device, whrch rs. 
indicated only in. principle in figure 4 with the a^of 
the reference numeral- -22.-. Since, in particular when 

- use d. with laser plasma sources, collector mirrors 1 are 
heated nonunif ormally in a fashion distributed over the 
circumference, the cooling ducts 22 are to be arranged 
SU ch that local cooling can be carried out in such a 

■ way that, when seen overall, an at least largely unr- 
: form temperature results for the collector mirror 1. 

,n the event of temperature Increase, displacement of 
; the collector mirror 1 also produces a.. variation rn.the 
; ■ magnification factor - although only to a slrght ex- 
; ' tent . ■ ■ • • 

/ Figures; 10 and 11 show a collector mirror designed « - 
V transanitted-light collector 1' which has . multiplxc.ty 
of nested mirror annular shells 23, termed annular 
shells below,; which are connected on one side or m a 
; floating fashion Via a bearing,, explained in yet ^pre 
: detail below of a flange ring' 24 on the s.de averted. 
> from the light source 2. In a departure- from the exem- 
plary embodiment according to figure l, in the case of 
the transmltted-light collector 1' the light source 2 
y is located on the other side of the mirror, 1, that . is 
• to say upstream in the beam direction (see, also figure 
• lb). There is provision in the exemplary ■ embodiment, ; x 1- 
: lustrated of, for example, seven annular shells 23 via 
whi ch the beams 25 generated by the - light source 2 _are 
passed on to a second focus. For reasons of clarity, 



29. •Sep. 2003 10:45. . Kanzlei Lorenz & Koi lesen 



Nr. 5942 S. 19 



ZS 4774P/CIP -17 - . E200O4O 

only two beams 25 are illustrated here* A transmit- 
ted-light collector 1' having only one annular shell. 23 
is also possible iii principle. 

Instead of the annular shells 23 being supported on one 
side or in a floating fashion in the flange ring 24 on 
the side averted, from the light source 2, the annular 
shells 23 can also be ; connected to the flange ring 24 
in the region between the two ends. In this case, axial 
displacements are possible at both ends of the annular 
shells 23 in the event of temperature deviations. Of 
course/ it is also possible for. the annular shells 23 
to be supported in the flange ring 24 on the side fac- 
ing the light source 2. 

It may be seen from figure 11 and from the enlarged il- 
lustration , in figure- 12 that the flange ring 24 has 
four radially running strengthening ribs 26 in which 
the annular shells 23 are clamped or supported . .... As can 
further be seen from figures 10 and 11, the central 
area of the collector mirror 1'. is occluded by a cover, 
plate 27. Instead of four strengthening ribs 26, it is 
also possible, if appropriate, to provide only one rib 
or else a plurality of strengthening ribs. 

As can be seen , in figure 12, the flange ring 24 has 
cutouts in the form of slots 28 running in the. circum- 
ferential direction in the region of the joining points 
of; the strengthening ribs 26. The slots 28 extend by a 
multiple of the rib thickness in a circumferential di- 
rection,, it being possible for the length of these 
slots 28 to be eight to , ten times the thickness of . a 
strengthening rib,, for example: The longitudinal slots 
28 serve only to decouple the. strengthening ribs 26 
from thermal' stresses when different thermal expansions 
occur because of heating. The longitudinal slots 28 can 
give rise to linear expansions of the strengthening 
ribs 26, since owing to the slots 28 only a small 
thickness of material remains in the transition region 
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OA in the reqion of the joining 
to the mounting ring 24 in the regio 
points, and so the elastic movements are possible. 

■ : ; The brings 29 or bearing points in the form of bores ; 
S holder/ *ay be . seen in figure 12 « : 
figuration of the bearings 29 or holders, * 
annular shells 23 will be described in more detail - ... 
the following figures. 

Figure 13 shows the layout, of a bearing, similar to >h^ 
Figure v±a a parallelogram ,30 

bearing according to figure 9, _ Dara llel to 

•. -„kc Vt 32 which are arranged paraiiex 
with two limbs 31, SA . . v. _ t their 

' - *re respectively connected at tneir 

one another and are resp^ J . . .. 74 or 

_ h _ _, b . 26 and to a bearing part " 
hell 23 ia respectively held with its end in a beanng 
. shell .23 respe y for example by welding, 

pert 34 in any desired way ^ ^ 

...bonding, or ola^ ..The espe ^ ^ . ^ , ; 

annular shells 23 are tree, a „„.„,., in 

: in the event of temperature changes, in particular 
the direction of the optical axis 35. 

> : AS is illustrated by dashes in figure 13, because of 
; .•• : h - narallelogram 30 per- 

its articulated connection 33 the paralle g 

ln th e direction of the optica! axis are also addition 
ally further possible in this case. .. . 

' Figure 14 shows a configuration of the parallelogram 30 
■ ' U two limbs 3! and 32 in a monolithic design 
with its two nmo which forms, 

with the bearing part 34 and the rib - ar . 
: : in turn, one Piece with the mounting ring 24. « 

ticulations 33 are formed, by reductions in thickness at 
- .th ends of. the limbs .31 and 32. The .«»W£V ° 
■ " according to figure .14 can be produced in a _des red 
: , : way,-' .for example by milling, sawing or ; via ero. 
sion/cavity sinking. 
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Figure 15 shows an exemplary embodiment, with a "earihg 
p a!t 34 which is displaceable in the direction of- the 
arrow 36 by means of a , linear guide. Provide d f orchis 
purpose is a guide 37 which is connecting to thenar 
lag part -34 and is linearly displaceable in the direc- 
tion of the a rro ^ hearing pin 38 with the aid ; 
of a linear guide. The bearing pin 38 is respectively 
supported in the associated strengthening rib 26. 

Figures 16 to 18 show an embodiment of the bearing of 
the annular shells 23 in the strengthening ribs 26 vra 
leaf springs 39. The leaf springs 39 arc respectively 
- a ed P in this case from the annular shelly them- 
selves in the region of the bearing. points of the annu 
lar Shells, 23 at the strengthening ribs 26. One possi- 
bility for this is to introduce slots or cuts 40 which 
ara arranged at a spacing from one another and form the 
leaf springs 39 between themselves. In the figures 16 
to IB the cuts 40 are introduced parallel to the opti- 
cal axis 35, as may be seen from the illustration in 
figure 17, viewed from the direction of the arrow . . „ 
figure 16. Likewise on the basis of their elasticity, 
the leaf springs 39 permit displacements of the annular, 
■ ■ shells 23 perpendicular to the optical axis (arrow di- 
rection 36) . and can be connected in any das red way to 
the .strengthening ribs 26. This can be performed,-, for 
example, by bonding, - welding or clamping. 

Figures 19. and 20 show an embodiment similar to the 
type illustrated in figures 16 to 18. The sole oil fer- 
,„=e consists merely in that in this case the leaf 
springs 39 are not formed by cuts in the annular shells 
23, but that separate leaf springs 39 are provided 

. which are connected to the annular shells 23 in the re- 
gion of the strengthening, ribs. i 26 by means of . bonding, 

' soldering, welding or in any other desired way. ^Here. 
as well; the free ends of the leaf springs 39 can be 
connected to the strengthening ribs 26 by being 
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\ clamped, bonded or welded into slots in the said ribs. 

Figures 21 to 24 likewise show an embodiment with leaf 
\ springs 39 via which the annular shells 23 are con- 
nected to the strengthening ribs 26. Instead of leaf 
springs 39 arranged according to figures 16 to 20 axi- 
' ally or parallel to the optical axis, these are ar . 
, ran ged azimuthally or in a circumferential direction 
• . and thus perpendicular to the optical axis. 

i Figures 22 and 23 show the formation of the leaf 

springs 39 by means of an L- shaped incision in the an- 
r, nu iar shell 23. The shorter limb of the W L" runs in an 
axial direction, while the longer section of the "L 
runs in a circumferential direction. Figure. 22. likewise, 
illustrates a view from the arrow direction Y of fig- 
ure 21, the arrow direction Y simultaneously also il- 
lustrating the arrow direction 36 and thus the direc- 
tion of movement of the annular shell 23. 

Figure- 24 corresponds to the illustration in figure 23, 
although in this case the leaf spring 39 is not formed ; 
from the annular shell 23 but, as with the exemplary 
■:-V-:'-.^ embodiment according to figures 19 and 20, by a sepa 
■: rate leaf, spring 39 which is connected to an annular 
shell 23 by bonding, soldering, welding or else any 
other desired way. . 

in figures 21 and 24, the free end of the leaf spring 
39 is likewise connected respectively to the str.ength- 
ehing ribs 2 6 by. . bonding , soldering, welding or in any 
other desired way. 

■ Illustrated below in principle with the aid of figures 
25 and 26 are two possibilities as to how to use active 
concepts to implement the required possibility for dis- 
•V--" placing the annular shells 23 in a direction perpen- 
V dicular to the optical axis. Active concepts have the 
advantage that the rigidity of the overall system is 
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not negatively influenced by low rigidities such as are 
: required by the passive concepts explained above. 
Rather^ active concepts aim to bring the clamping 
points of the annular shells 23 in the strengthening 
ribs 26 to the positions at which they should be lo- 
cated in an ideal fashion at a specific temperature;. 

Figure 25 illustrates one possibility, the bearing part 
34 in which the annular shell 23 is held being designed 
with regard to material and/or coefficient of thermal 
. expansion and fixing of the. length L such that by an 
appropriate optimization the bearing shell 34 moves iri 
the arrow direction 36 and thus perpendicular to the 
optical axis in such a way that the optical properties 
of the collector mirror 1' remain at least approxi- 
mately the same in the event of temperature changes v In 
this case, the bearing part 34 is therefore connected 
permanently to the strengthening rib 26 on the inside. 

, Of course,: it is not absolutely necessary for the bear- 
ing part 34 as a whole to be designed as a "thermal ac- 
tuator"' with the appropriate material, the coefficient 
• of thermal expansion and the required length, but this 
can also be performed by a separate part 34 • as active 
adjusting unit which is connected to the bearing part 
34. This is illustrated by the dashed line in figure 
25. In this case, the separate part 34' is connected to 
the strengthening: rib 36. Instead of the thermal actua- 
tor illustrated in figure 25, other active adjusting 
units, which act on the bearing part 34 and adjust the 
latter in the direction of the arrow 36, are also pos- 
. sib lie . 

It is also, posisible for the previously described pas- 
sive systems additionally to be equipped with an active 
actuator, ' and this permits a combination of active/ and 
passive adjustment of the annular shells 23. A quasi- 
static and also a dynamic behavior can be influenced in 
a targeted fashion by an appropriate choice of the type 
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and position. of such actuators in conjunction with, sen- 
sors and. the corresponding design of. a control loop. 
Thus/ however, active damping can be created or else 
the rigidity is selected as a function of frequency. It 
can, for example, be selected to be low in the case of 
low frequencies (thermal drift), and high in the case 
of rapid, for example mechanical vibrations . Also con- 
ceivable is an arrangement of actuators in conjunction 
with corresponding sensors which always ensure an ideal 
Circular shape of the annular shell 23 by forming the. 
difference between the sensor values. 

A combination between a passive element and an active 
adjusting unit is illustrated merely in terms of prin- 
ciple in figure 26. As may be seen, the passive element 
corresponds to the parallelogram 30 . according to figure 
13. In addition, an actuator 40 (not illustrated in 
more, detail) f urther acts on the bearing part 34 as. ac- 
tive adjusting unit which, in the event of temperature 
changes, ensures that the bearing piece 34 and thus the 
annular shell 23 held in it are moved in the arrow di- 
rection 36 into a position in which the annular shell 
23 experiences the smallest deformations . 

The most varied embodiments are possible for active ad- 
justing units such as, for example, pulling wires, push 
rods, piezoelectric elements, electric, electromagnetic 
systems and similar units. Such active adjusting units 
can be used separately, or else in combination with: 
passive elements . Only the longitudinally adjustable 
plunger 41 of telescopic design is indicated with the 
aid of dashes in figure 26. An actuation device (not 
illustrated) can be used to adjust the length of the 
plunger 41, displacements in the bearing part 34 in the 
arrow direction 36 occurring as a result. 

Since the second focus would not always remain at the 
same point in each case in the event of changes in 
shape or displacements of the annular shells 23, it can 
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be advantageous when, as indicated in figure 2 by the 
arrow 42, the light source 2 is appropriately displaced 
on the optical axis 35 in order to maintain the second 
focus. The displacement of the light source 2 in the 
arrow direction 42 can be performed by any desired; de- 
vices (not illustrated here). 



